Intestinal parasites remain a major health problem in many developing countries. The World Health Organization (WHO) estimated that there were 1000 million cases of ascariasis due to Ascaris lumbricoides, and 500 million cases of Trichuris trichiura infection worldwide (WHO 1987) . In 1994, Chan et al. (1994c) respectively. Clinically, A. lumbricoides can cause blockage of the intestine and T. trichiura has been associated with dysentery (Cooper et al. 1992) . Both helminths have also been associated with stunted growth (Cooper & Bundy 1988 , Stephenson et al. 1989 , 1993 , Adams et al. 1994 , Simeon et al. 1995 , Hadju et al. 1996 , Saldiva et al. 1999 ) and impaired cognitive functions in children (Nokes et al. 1992a , b, Oberhelman et al. 1998 . Another common soil transmitted helminth that causes severe morbidity and is often found with A. lumbricoides and T. trichiura infections is hookworm (WHO 1987) . However, hookworm infection will not be included in this research since the method used (Kato thick smear) for detecting eggs in the study was not suitable for recovery of hookworm eggs.
Countries in Central America, such as El Salvador, Guatemala, and Honduras, have a high prevalence of parasitic infections. A survey of intestinal parasites in children with diarrhea in El Salvador, demonstrated that 18% of the children were infected with A. lumbricoides and 31% with T. trichiura (Reinthaler et al. 1988) . In Guatemala, 41% of the population in a rural village was infected with A. lumbricoides and 60% with T. trichiura (Anderson et al. 1993) . Data from 14 public health laboratories in Honduras for 1991 showed A. lumbricoides infections in people of all ages ranging from 70% in Tocoa at the northern coast to 5% in Nacaome, near the Pacific coast. Percentages of individuals infected with T. trichiura were lower, ranging from 32% to 1% in the above mentioned areas (Kaminsky 1996a) .
Although many studies regarding intestinal parasites focus on establishing the prevalence and intensity of these infections in different populations, fewer studies have examined the socio-cultural factors that affect transmission of intestinal helminths. Some studies have shown that the lack of education, lack of latrines, occurrence of diarrhea, lower socio-economic status, inadequate disposal of human excreta and the level of sanitation in households are related to parasitoses (Cooper & Bundy 1988 , Holland et al. 1988 , Yasuf & Hussain 1990 , Rajeswari et al. 1994 , Tshikuka et al. 1995 , Ighogboja et al. 1997 , Mahfouz et al. 1997 , Pegelow et al. 1997 , Gamboa et al. 1998 . These reports coupled with the fact that there have been few surveys designed to determine associations between socio-cultural variables and intestinal helminth prevalence data prompted us to initiate this study in four rural Honduran communities.
In this study, we collaborated with Project UNIR (unite) based at the Panamerican Agricultural School (Escuela Agricola Panamericana-EAP), El Zamorano. The School is located in the Zamorano Valley, 40 km from Tegucigalpa, the nation's capital and was very willing and helpful in providing the necessary facilities and accommodations for one of us (HMS). Project UNIR is an organization at the EAP that was established in 1996. Its principal goals are both rural development and land conservation. We studied the prevalence and intensity of Ascaris and Trichuris infections in individuals of all ages in four communities under UNIR, and identified variables that have an important association with such infections.
MATERIALS AND METHODS
Study area and population -A cross-sectional survey was conducted between January and March 1998, in four rural communities in Honduras: El Llano, El Chaguite, Santa Ines, and El ChaguiteBelen. These communities were selected because they were part of an on-going nutritional study being conducted by students and staff under UNIR at the EAP and were accessible. El Llano, El Chaguite, and Santa Ines are located in the municipality of San Antonio de Oriente. El ChaguiteBelen lies in the municipality of Maraita. These municipalities form part of the department of Francisco Morazan (Fig. 1) . The estimated populations of El Llano, El Chaguite, Santa Ines and El Chaguite-Belen were 261, 437, 237 and 225 respectively. The four communities are located 40-60 km from Tegucigalpa, the nation's capital. The majority of the inhabitants were subsistence farmers and had limited access to major cities.
Collection of data -Approval for this study was obtained from the Institutional Review Board at the University of Alabama at Birmingham, and local institutions in Honduras. The EAP provided facilities, laboratory space and equipment. Prior to the beginning of the study, community meetings were held in public schools in the four communities. The study was discussed with the community members who were informed that their participation was voluntary. A pilot questionnaire was subsequently administered to two individuals from two separate households in Santa Ines and El Chaguite-Belen, respectively. Maps of each community were obtained from UNIR office files. Names of the heads-of-households were obtained from community members. Households to be visited were randomly selected using the listed names of the head-of-household. It is noteworthy that "household" may have been comprised of more than one dwelling unit. The criteria for participation were that participants were related to the headof-household, and/or considered themselves as members of the household. The entire household, except children less than 2 years old, was included in the study. Excluded from the study were individuals who did not live fulltime in the community being surveyed and households where individuals had completed the pilot questionnaire. The latter were excluded in order to minimize bias.
Personal interviews were conducted after obtaining the informed verbal consent of the caretaker. A pre-tested, standardized questionnaire was used to obtain information, such as, the number and ages of children in the household, level of education, sex, age of caretaker, whether someone in the household had passed A. lumbricoides, knowledge of how one acquires Ascaris, whether the household had a latrine, where the respondent and the children in the household defecated, whether the respondent and the children in the household used the latrine regularly, why not (if applicable), whether children in the household had had diarrhea recently, and how the respondent thought children acquired "worms". A preserved specimen of A. lumbricoides was used for demonstration purposes. A total of 62 caretakers, 14 from El Chaguite, 14 from El Chaguite-Belen, 18 from El Llano and 16 from Santa Ines, were interviewed.
Collection and analysis of fecal specimensFollowing the questionnaire, specimen cups labeled with name, age, and gender were given to each individual in the household who wanted to participate in the study. The next morning the specimens were retrieved and taken to a laboratory at the EAP for analysis. Only one specimen was submitted per individual. A total of 240 specimens were collected from the four sites; 66 from El Chaguite, 44 from El Chaguite-Belen, 74 from El Llano, and 56 from Santa Ines. The Kato-Katz thick smear standardized to deliver 41.7 mg of strained stool was used to diagnose A. lumbricoides and T. trichiura infections and estimate their intensity through egg counts (Kaminsky 1996b). Individuals were categorized as having light, moderate or heavy infections based on criteria set by WHO (1987) . For A. lumbricoides an egg count of 0-4,999 eggs per gram (epg) of feces is regarded as a light infection and 5,000-50,000 epg, and >50,000 epg as moderate and heavy infections respectively. In T. trichiura infection the presence of 0-999 epg is regarded as a light infection, between 1,000-10,000 epg as a moderate infection and >10,000 epg as a heavy infection (WHO 1987) .
Data analyses -Epi Info Version 6.0 software (CDC, Atlanta, GA) and SAS software (SAS Institute, Cary, NC) were used to analyze frequency, prevalence, intensity and associations. Socio-de- mographic variables were categorized into two or three groups. The chi-square or Fisher's exact test was calculated using the SAS software to assess the univariate association of the variables with the presence of A. lumbricoides and T. trichiura in each household. A multiple logistic regression model, using the SAS software, was employed to determine variables significantly associated with Ascaris infection. Only variables that were significantly associated with A. lumbricoides from the univariate model were included in the multiple logistic regression model. A stepwise selection method was employed to determine the variables significantly associated with A. lumbricoides infection. The fit of the final logistic regression model was assessed using the log likelihood ratio test and Akaike information criterion (AIC). Odds ratios and the corresponding standard errors were calculated using the variables significantly associated with A. lumbricoides infection. A similar analytical approach was performed to determine those variables significantly associated with T. trichiura infection.
RESULTS
Description of the study population -The mean age of respondents to the questionnaire was 39.4 years [standard deviation (SD)=16.3, median age=35.5 years] and more than 95% of respondents were females. The age of the 240 subjects sampled ranged from 2 to 84 years with a mean age of 20.6 years (SD=19.3, median age=11.0). Fifty-three percent of those sampled were female and 47% male. Seventy-one percent of respondents had some formal education; the majority (51.6%) had some primary education (completed 1-6 years) and 19.4% had some years of secondary education (completed 7-12 years).
Prevalence and intensity of A. lumbricoides and T. trichiura -The overall prevalence of A. lumbricoides and T. trichiura in these four communities was 45% (95% CI 39.0-51.9) and 38% (95% CI 31.8-44.4), respectively (Table I) . Over a quarter (25.8%) of the 240 stool specimens examined had double infection of both A. lumbricoides and T. trichiura. Table I shows the differences in prevalence and intensity of Ascaris and Trichuris infection by age group and community. Overall, infections of Ascaris were mostly moderate and light, except in El Chaguite where there were heavy infections. There were primarily light infections of T. trichiura, except again in El Chaguite where moderate infections were observed. There were no heavy infections of T. trichiura.
El Llano had the lowest prevalence overall of both A. lumbricoides and T. trichiura and the least number of T. trichiura infections across all age groups. Twenty-two percent of the population surveyed in this community was infected with Ascaris and 11% were infected with Trichuris. Most infections, including one case of heavy infection and two cases of moderate infection with Ascaris, were found in children 2-4 years old and 5-12 years old. However, there were no infections of Trichuris in the 2-4 age group.
El Chaguite was the community with the highest prevalence of Ascaris and Trichuris; 82% of those surveyed had infections of Ascaris and 71% had infections of Trichuris. El Chaguite had much higher rates of infection in all age groups with A. lumbricoides and T. trichiura. Most infections of T. trichiura occurred in those 5-12 years old followed by individuals >12 years old.
The prevalence of Ascaris in Santa Ines and El Chaguite-Belen was 29% and 52%, respectively. The prevalence of Trichuris in each of these communities was 30% and 43%, respectively. In Santa Ines, individuals aged 2-4, had the highest frequency (40%) of moderate Ascaris infection, while those aged 5-12 and >12 had substantial frequencies (close to 30%) of both moderate and light infections. Individuals aged 5-12 years had the highest frequency (48%) of light infections of T. trichiura. Twenty percent of those >12 years old had light infections of Trichuris. In El ChaguiteBelen the highest frequency of infection (moderate and light) of Ascaris and Trichuris occurred in those aged 5-12, followed by those aged >12. There was only one infection of Ascaris or Trichuris in children aged 2-4 in this community (Table I) . Fig. 2 shows the overall intensity of A. lumbricoides infections in all the communities. Children aged 2-4 had the heaviest infections while children aged 5 to 12 were most frequently infected with moderate and light infections compared to other age groups. Overall, there were more intense infections (heavy and/or moderate) of Ascaris than Trichuris in all age groups. Fig.  3 shows the overall intensity of T. trichiura infections in all the communities. Children aged 5 to 12 more frequently had moderate and light infections of Trichuris compared to other age groups. There were more light infections of Trichuris in children aged 5 to 12 than there were light infections of Ascaris in the same age group. Also, individuals >12 years were more frequently infected with light infections of Trichuris than they were with light infections of Ascaris. 
Socio-demographic characteristics of household by infections of A. lumbricoides and T. trichiura -Univariate analysis was used to exam-
El Llano (N = 74) 2-4 (12) Tables II, III) . The four communities differed markedly from each other with respect to the prevalence of infections by both parasites, but only A. lumbricoides infection was significantly associated with infection by location of the household (p=0.03) ( Table  II) . A higher percentage of households located in El Chaguite or El Chaguite-Belen, had members infected with A. lumbricoides than households in El Llano or Santa Ines. There were significant differences in prevalence between communities. When El Chaguite was compared univariately with the other three communities, in every instance, living in El Chaguite was significantly associated (p<0.01) with infections of A. lumbricoides or T. trichiura.
There was an association between the number of children 2 to 5 years old and the number of children 6-14 years old living in a household, and infection by A. lumbricoides in members of the household (p=0.001, p=0.001, respectively) (Table II) . Households with children in these age groups had a greater frequency of Ascaris infection compared to households with no children in these age groups (Table II) . Similarly, the number of children 6-14 years old in the household was also associated with infections of T. trichiura (p=0.01) (Table III) . Households with children in this age group had a greater frequency of Trichuris infections than those households with no children in the age group.
Education was associated with A. lumbricoides infection within households (p=0.01) ( Table II) . A lower proportion (25%) of family members was infected with A. lumbricoides in households where the respondent had a secondary education than in households where the respondent had no formal education (66.7%).
Gender was examined as a possible variable associated with parasitoses. Approximately 45% of males and 45% of females of all ages surveyed were infected with A. lumbricoides. Approximately 41% of males and 35% of females of all ages were positive for infections with T. trichiura. There was no significant difference with respect to gender regarding infection with either Ascaris (p=0.97) or Trichuris (p=0.35) in the population surveyed. Also, there was no significant difference between gender with reference to intensity for Ascaris (p=0.64) or Trichuris (p=0.20) infections.
Associations between sanitary practices and infections of Ascaris or Trichuris by household was also examined. In this respect, certain variables such as lack of a latrine (p=0.04, p=0.03) (Tables II, III) , respondents defecating in a site other than the latrine (p=0.01, p=0.04) (Tables II,  III) , children defecating in a site other than the latrine (p=0.02) (Table II) , and children with a recent history of diarrrhea (p=0.002) (Table II) were associated with infections of either A. lumbricoides or T. trichiura respectively. In each case, households that did not own a latrine, or households where respondents and children did not always use the latrine for defecation, or where children were reported with diarrhea, had a higher percentage of members with infections of either helminth.
The most common reason given by respondents who did not always use the latrine for defecation, was that the family did not own one (31.6%). Other common reasons given were that the latrine was broken (26.3%) or that it was too far (21.1%). Twenty-one percent of respondents had reasons other than those given above. The most common reasons given by respondents for children not always using the latrine was that the children did not know how to use it because they were too young (30%), that the latrine was too far (20%), and that the household did not own one (20%). Another 16.7% said that the latrine was broken, and 13.3% indicated other reasons.
Although most individuals (73.7%) did not know how someone could become infected with Ascaris, when specifically asked and shown the preserved specimen of Ascaris, 34.4% recalled that someone in the household had passed a worm at some time. The answers respondents gave to the question of how children became infected with lumbricoides: number of children aged 2-5 or 6-14 living in the household (p=0.01 and p=0.04, respectively), report of recent history of diarrhea in children in the household (p=0.01) and members of the household coinfected with T. trichiura (p=0.02). The only variable that was associated with T. trichiura infection was the number of children 6 to 14 years old living in the household (p=0.01) (Table IV) .
DISCUSSION
A. lumbricoides and T. trichiura are highly prevalent in the communities studied in Honduras and the levels of infection are indicative of major problems in basic hygiene and sanitation. This survey found that children aged 5 to 12 years had a higher percentage of A. lumbricoides and T. trichiura infections than individuals in the other age groups. Children aged 2 to 12 years more frequently had infections of greater intensity than individuals older than 12. Surveys completed in communities in other countries have shown that the prevalence of Ascaris drops in people older than 15 years (Bundy et al. 1987 , Reinthaler et al. 1988 , Hasegawa et al. 1992 , Upatham et al.1992 , Mangali et al. 1994 . However, the prevalence of Trichuris does not drop off in adulthood (Bundy et al. 1987) . In this study almost 25% of individuals >12 years had light infections of Trichuris. Other studies have shown peak intensity of Trichuris infection in individuals aged 10 to 29 (Anderson et al.1993) indicating that Trichuris may be a more chronic infection than Ascaris.
In this survey, individuals with the heaviest infections were concentrated in certain communities and in certain households in these communities. Often a minority of a population will produce large amounts of eggs indicating heavy infection, while the majority will have light infection and produce very few eggs (Palmer & Bundy 1995) . There is also a familial aggregation and predisposition to Ascaris and Trichuris infections (Chan et al. 1994a ), which does not appear to be genetically determined but may be more strongly determined by environmental and behavioral factors (Chan et al. 1994b) .
Over a quarter of this population was co-infected and the association of double infection was significant. Other studies have found that there is a positive association between A. lumbricoides and T. trichiura infections (Udonsi et al. 1996) . Kightlinger et al. (1995) and Needham et al. (1998) have found a dual species intensity correlation for A. lumbricoides and T. trichiura infections; high intensity infections of A. lumbricoides were associated with high intensity infections of T. trichiura. The reasons for this are unclear, but it may be explained by the similar route of infection, the fecaloral, for both parasites.
Gender did not influence the likelihood of infection with either parasite in this population. Magambo et al. (1998) found that the infection rate of several intestinal pathogens including Trichuris was higher in males compared to females in Sudan, however, it was not reported if this difference was statistically significant. An epidemiological study from Madagascar found that girls had a significantly higher prevalence and intensity of ascariasis (Kightlinger et al. 1995) while another study from Guatemala did not find any gender differences with respect to parasitoses (Anderson et al. 1993) . These results may indicate that gender may or may not play a role in parasitoses, depending on the region and other environmental or behavioral factors.
In places where sanitation is extremely poor, and a high prevalence of helminthic infection is suspected, a questionnaire can become an important tool because it may help to highlight certain practices or beliefs that are associated with parasite transmission. We compared questionnaire data with laboratory data. The relatively small sample of 62 households to which the questionnaires were administered is a limitation to the study. Many variables that were significant by univariate analysis did not sustain their significance after adjusting for other covariates in the multivariate analysis. In the univariate analysis, we evaluated the association of multiple covariates with A. lumbricoides and T. trichuria. We are aware that the multiple testing of these covariates can inflate the overall significance level. However, some of the significant associations which were observed by univariate analysis, have also been observed in other parasite studies conducted in other countries and deserve mentioning.
For example, we observed an association between the level of education of the respondent and the percent of household with members infected with A. lumbricoides. Some studies have noted that infection with A. lumbricoides occurs more frequently in the children of mothers with the least formal education (Holland et al. 1988 , Tshikuka et al. 1995 . We also found an association between latrine ownership and defecation site with helminth infection. Improper disposal of human waste has been associated with infections of intestinal helminths in other countries (Mahfouz et al. 1997) . Studies have shown that children living in homes without latrines have a higher prevalence of Ascaris and Trichuris, than those living in homes with latrines, and the introduction of pit latrines can help lower the prevalence of diarrheal diseases (Hoque et al.1996 , Pegelow et al. 1997 .
The community in which the households were located was associated with infection by A. lumbricoides but not T. trichiura. Although we are not certain of the reason for this association, we observed that many homes in El Llano and Santa Ines had piped water in the front yards, unlike the homes in El Chaguite and El Chaguite-Belen where the most and heaviest infections were observed. In the latter two communities household members frequently had to walk long distances to get water. Although we did not compile information regarding the availability of water in these communities, government documents indicate that 32% of the households in the municipality of San Antonio de Oriente and 49% of households in the municipality of Maraita lack potable water (Secretaria de Gobernacion y Justicia de Honduras 1995). The availability of water may influence a household's sanitation level in general (VanDerslice & Briscoe 1995 , Esrey 1996 , Hoque et al. 1996 , Semenza et al. 1998 .
Varying levels of sanitation may have also influenced the prevalence of infection by community. An intestinal helminth study done in the Brazilian Amazon found that differences in prevalence between the districts surveyed may have been due to the degree of hygienic practices in each area. Some people used the latrine more than others (Eve et al. 1998) .
Multivariate analysis was performed in order to control for possible confounding effects of other study variables. The association between the number of children aged 2-5 years or 6-14 years living in the household and parasite infection may have occurred because children less than 15 years old constitute the age group that is most frequently infected by Ascaris and Trichuris (Bundy et al. 1987 , Reinthaler et al. 1988 , Hasegawa et al. 1992 , Upatham et al. 1992 , Mangali et al. 1994 . The association of A. lumbricoides with diarrhea could be due to general uncleanliness within the household, or other confounders not controlled for, since (Genta 1993) . That is, the conditions that allow A. lumbricoides to thrive, are also ideal for the existence of other enteric pathogens that cause diarrhea. In this study we did not look for protozoan or other enteric pathogens, nor was there a clinical definition given for "diarrhea". As a part of this study, we asked respondents questions about their sanitary practices and the reasons behind those practices. In so doing we hoped to shed some light on reasons for poor sanitation in these communities. We also asked questions regarding knowledge of parasites in general, using A. lumbricoides as a model, because it is an easy helminth to demonstrate and was widely recognized in this population. We found that most people knew of someone in the household who had passed an Ascaris worm before, but that the majority did not know the etiology of the infection. This may indicate that although specific knowledge of how the worm was transmitted was low, awareness of Ascaris in the community was quite high, and parasite transmission may be an area where an educational intervention might have an impact.
Many individuals did have a response ready when asked how children acquired parasites, and the most common answer was that dirty hands or filth was responsible for "worms", where "worms" meant Ascaris. In a study from Bangladesh, women were asked a similar question and approximately 28% of respondents answered that "unclean hands" was the cause. A variety of other answers related to cleanliness were also given. A more common answer in Bangladesh (37%) was that sweets gave children worms (Rousham 1994) . A similar study from Nepal showed that 38.46% of respondents knew that soil was involved with transmission, but 21.15% attributed worms to the consumption of sweets (Williams-Blangero et al. 1998) . In this study, only 9.7% of respondents cited candy among other things as being the source of infection.
The results of this study indicate that there are certain factors observed in helminth transmission, which are common to developing countries in the tropics, such as, general contamination of the living environment and larger numbers of young children living in households. Hence, knowledge of these factors may help reduce costs of studies for policy formulation, and facilitate implementation of public health interventions designed to reduce the incidence of helminth infections in developing countries with similar environmental conditions and sanitary practices. Community-based mass chemotherapy on a regular basis can meet shortterm objectives of intestinal helminth reduction, and is the most cost-effective method (Mascle-Taylor et al. 1999) . Health promotion education, the adoption of hygienic practices, and school-based deworming programs can have long-term benefits and have proven effective in other countries (Holland et al. 1996 , Stolzfus et al. 1997 , Mascle-Taylor et al. 1999 .
